A novel Gram-stain-negative, aerobic marine bacterial strain, SAB-3 T , was isolated from brown macroalgae (Dictyota sp.) growing in the Arabian sea, Goa, India. The strain grew optimally at 30 C, with 2.0-4.0 % (w/v) NaCl and at pH 7.0 on marine agar medium. Strain SAB-3 T was unable to hydrolyse aesculin and did not grow in the presence of rifamycin but showed resistance to antibiotics such as cefadroxil and co-trimoxazole. The major fatty acids were summed feature 8 (C 18 : 1 !7c/ C 18 : 1 !6c), summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c) and C 16 : 0 , and Q-8 was the major ubiquinone. The major polar lipids were phosphatidylglycerol and phosphatidylethanolamine. 
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(97.4 %) as the closest relatives. Whole genome relatedness determined through DNA-DNA hybridization revealed values of 40-50 % (below the 70 % threshold recommended for species delineation) with the above three species, thus confirming it as representing a distinct and novel species of the genus Marinomonas for which the name Marinomonas epiphytica sp. nov. is proposed. The type strain is SAB-3 T (=JCM 31365 T =KCTC 52293 T =MTCC 12569 T ).
To accommodate two Alteromonas species, Alteromonas communis and Alteromonas vaga, the genus Marinomonas was proposed with their reclassification as Marinomonas communis and Marinomonas vaga, respectively [1] . Species of this genus have been reported from various marine habitats of the Mediterranean Sea [2, 3] , Black Sea [4] , Arctic Ocean [5] , Yellow Sea [6] , culture pond of Hainan Province, China [7] , Sea of Japan [8] and corals [9, 10] , and seven of them were isolated from the seagrass Posidonia oceanica [11] [12] [13] . The genus Marinomonas, a member of the family Oceanospirillaceae, currently encompasses 25 species with validly published names (http://www.bacterio.net/marinomonas.html) and consists of Gram-stain-negative, straight to curved rod-shaped, strict aerobes with polar flagellum at one or both ends of the cell and that require Na + for optimum growth. All species utilize glucose and most of them fructose, glutamate, acetate and malate with no growth with butyrate or valerate. Characteristic fatty acids are C 18 : 1 !7c/ C 18 : 1 !6c, C 16 : 1 !7c/C 16 : 1 !7c, C 16 : 0 and C 10 : 0 3-OH, and the DNA G+C content is between 41 and 50 mol% [11, 14] . The type species of the genus is M. communis. In this paper, we describe a novel strain, SAB-3 T , isolated from the surface of seaweed based on a polyphasic taxonomic approach [15] .
The algal sample (Dictyota sp.) was collected from the intertidal region of the coastal waters of Anjuna beach (15 34 .729¢ N 073 44.303¢ E) from the West coast of India in the state of Goa. The algal fronds were washed with sterile artificial seawater [16] to remove debris and loosely associated microbiota. About 1 g of algae was taken in a sterile 50 ml test tube containing autoclaved artificial seawater, vortexed for 5-10 min to detach the epiphytic bacteria and serially diluted using a standard dilution technique followed by plating of 0.1 ml of the diluted sample on Zobell marine agar plates (MA; Hi-Media). During the incubation period of 2-4 weeks at 30 C, amongst various colonies that appeared on plates, one ivory-coloured colony designated as SAB-3 T was picked, purified and preserved in 10 % (v/v) glycerol in 2 ml cryo vials in triplicate at À70 C.
Morphological tests such as Gram staining were done by using the commercially available BBL stain kit (BD Difco). The size, shape and motility of cells were determined by observing cells under a phase contrast microscope (Olympus model BX 51TRF) using a 100Â objective. Motility was determined by the hanging drop method [17] . Anaerobic growth was checked in GasPak EZ anaerobic pouches (BD, Difco). Oxidase and catalase tests were performed by using [17] . Other biochemical characteristics such as indole production, methyl red, Voges-Proskauer, starch, casein, gelatin, aesculin hydrolysis and nitrate reduction were tested as described earlier [18] . Physiological parameters such as temperature, pH and NaCl range were determined as explained elsewhere [19] except that Zobell marine broth/ agar was used wherein individual components were added sequentially. Salinity and temperature range/optima for the reference taxa were determined on marine agar after checking for growth for up to 1 week. Other enzymatic and phenotypic characterstics were investigated by using API 20E, API 20NE and API ZYM kits (bioMeri eux) and the GEN III microplates of the OMNILOG microbial identification system (Biolog) as per the instructions given by the manufacturer with addition of 2 % (v/v) NaCl in the inoculum suspension. Sensitivity to antibiotics was assessed on MA plates using discs (HiMedia) containing the following antibiotics: amikacin (30 Genomic DNA was extracted from a 24 h actively growing culture on MA according to the standard protocol [20] . The DNA was subjected to amplification of the 16S rRNA gene [21] . The programme included initial denaturation at 94 C for 3 min followed by 30 cycles of denaturation at 94 C for 45 s, annealing at 58 C for 1 min and amplification at 72 C for 1 min, and a final extension at 72 C for 10 min in a thermal cycler (Eppendorf). The amplified DNA fragment was separated on a 1.2 % agarose gel, eluted and purified using a QIAquick gel extraction kit (Qiagen). The purified PCR product was sequenced by using the primers 685R (5¢TCTACGCATTTCACCGCTA3¢), 533F (5¢G TGCCAGCMGCCGCGGTAA3¢) and 926F (5¢AAAC TCAAAGGAATTGACGG3¢) on a ABI 3130xl genetic analyser according to the instructions from Applied Biosystems. The generated 16S rRNA gene sequence of strain SAB-3 T was analysed by comparison with the known sequences present in the Eztaxon database using the Eztaxon-e-server (http://eztaxon-ezbiocloud.net, [22] ). Phylogenetic and molecular evolutionary analyses were conducted using MEGA version 6.0 [23] . For DNA-DNA hybridization and G+C content determination, the genomic DNA was isolated by using a Genomic tip 100/G kit (Qiagen). The G+C content of the genomic DNA was spectrophotometrically determined in a Lambda 35 spectrophotometer (Perkin Elmer) using the thermal denaturation method [24] . The DNA-DNA hybridization experimentation was performed by using the membrane filter method [25] as described elsewhere [26] with modifications as cited by Verma et al. [19] . Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) spectrometry was done as described earlier [19] .
For analysis of polar lipids and quinones, cells were inoculated in 500 ml Zobell marine broth and grown at 30 C for 48 h in a shaker incubator at 200 r.p.m. followed by harvesting the cell mass by centrifugation in an R10A3 rotor (Hitachi) at Â17 000 g. The extraction and purification of respiratory quinones was done as per standard procedures [27] . Extraction of polar lipids was performed according to the protocol of Bligh and Dyer [28] , followed by running two-dimensional (2-D) TLC for separation, detection and identification of lipids [21, 29] . For the determination of cellular fatty acids, cells were grown on MA media plates to late log phase at 30 C for 48 h. The analysis of fatty acid methyl esters was done by using the rapid method of the Microbial Identification System (MIDI-Sherlock version 6.1, library RTSBA6) as described earlier [30] with an Agilent GC model 7890 device.
Cells of strain SAB-3
T were Gram-stain-negative, small, almost straight to curved rods, actively motile and strictly aerobic. Strain SAB-3
T showed distinctive phenotypic features when compared to its closest reference strains (Table 1) , i.e. morphological characters such as cell shape and size, physiological parameters such as temperature and salinity (range and optima), and biochemical features such as hydrolysis of starch, casein, gelatin and aesculin, acid production from cellobiose, galactose, mannose, sorbitol and sucrose, enzymatic activities (i.e. acid phosphatase, esterase, esterase lipase, a-glucosidase, b-glucosidase and naphthol-AS-BIphospho-hydrolase) and susceptibility towards various antibiotics ( Table 1 ). The predominant cellular fatty acid was summed feature 8 (C 18 : 1 !7c/C 18 : 1 !6c) followed by summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c) ( Table 2 ). The fatty acids C 16 : 0 and C 10 : 0 3-OH were present in moderate amounts. The closest reference strains showed similar profiles with variations only in the proportions of the above fatty acids (Table 2 ). This profile is in agreement with the description of the genus Marinomonas [1, 11] and reinforces its taxonomic placement. The 2-D polar lipid profile showed that phosphatidylglycerol and phosphatidylethanolamine are the major lipids along with an aminolipid, phospholipid and an unidentified lipid present in minor quantities (Fig. S1 , available in the online Supplementary Material). Diagnostic lipids have not been described for the genus, although it seems that phosphatidylglycerol and phosphatidylethanolamine are the main components of the cell wall of the genus. Strain SAB-3 T showed the presence of one additional phospholipid that was not detected in the other two reference species, but overall the pattern of strain SAB-3 T matched with the reference taxa (Fig. S1) . The sole respiratory quinone detected in SAB-3
T was UQ-8, with Marinomonas aquiplantarum IVIA-Po-159 T and Marinomonas posidonica IVIA-Po-181 T as controls. Analysis of the MALDI-TOF profile revealed the presence of some unique peaks in strain SAB-3
T that were not detected in M. aquiplantarum IVIA-Po-159
T or M. T . All data are from the present study unless indicated otherwise. W, Weakly positive; NR, not reported. All the strains are negative for oxidase, indole and Voges-Proskauer tests, hydrolysis of starch, casein and gelatin, nitrate reduction, production of leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase, utilization of L-arabinose, D-mannose, D-mannitol, N-acetyl-glucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid, and all are positive for sensitivity to amikacin, chloramphenicol, ciprofloxacin, erythromycin, nalidixic acid, netillin and nitrofurantoin. Q-8 is the major ubiquinone present in all four strains. 
Oxidation of (GEN III): Analysis of the 16S rRNA gene through BLAST searches [31] on the EzTaxon server revealed that strain SAB-3 T showed highest sequence similarity to M. aquiplantarum IVIA-Po-159 T (97. S4 ). The topology of the maximum-parsimony tree differed slightly with Marinomonas mangrovi B20-1 T obtained as the closest relative of strain SAB-3 T (Fig. 1, data not  shown) . The 16S rRNA gene sequence similarities and tree topologies revealed that strain SAB-3 T represents a distinct and novel species within the genus and as it was retrieved alongside the above three Marinomonas species they were taken as reference organisms for comparative phenotypic characterization (Table 1) . To ascertain the species status of strain SAB-3 T , genomic DNA-DNA hybridization was performed with the three reference species, which indicated levels of relatedness, respectively, of 10, 14 and 51 % with M. posidonica IVIA-Po-181 T , M. aquiplantarum IVIA-Po-159 T and M. dokdonensis DSM 17202
Naphthol-AS-BI phosphohydrolase
T when genomic DNA from strain SAB 3
T was used as probe, and the reciprocal values were 23, 40 and 43 % when genomic DNA from the three strains was labelled, respectively. These values are well below the 70 % cut off recommended for delineation of bacterial species [32, 33] . Therefore, based on phylogenetic analysis of 16S rRNA gene sequences supported by phenotypic properties such as strictly aerobic metabolism, requirement of Na + ions for optimum growth, inability to hydrolyse polymers and utilize sugars, cellular fatty acid pattern, ubiquinone and profile of lipids, strain SAB-3
T is identified as a member of the genus Marinomonas. However, strain SAB-3 T shows differences in morphological, phenotypic, chemotaxonomic and MALDI-TOF data along with genomic uniqueness ascertained through DNA-DNA hybridization (Table 1 and Fig. S1 ), and is thus suggested to represent a novel species of the genus Marinomonas, for which the name Marinomonas epiphytica sp. nov. is proposed.
DESCRIPTION OF MARINOMONAS EPIPHYTICA SP. NOV.
Marinomonas epiphytica (e.pi.phy¢ti.ca. Gr. pref. epi on; Gr. adj. phytikos referring to plants; N.L. fem. adj. epiphytica living on plants).
Cells are Gram-stain-negative, strictly aerobic, motile, rodshaped, straight to curved, non-spore-forming and 1.0-1.2Â0.2-0.4 µm in size. Cells form ivory-coloured, circular, smooth and flat colonies glistening on MA at 30 C after 24 h of growth. Positive for catalase but not for oxidase. Optimum growth at [25] [26] [27] [28] [29] [30] C (range 15-35 C), at pH 7.0 (range 5.0-9.0) and with 2.0 % (w/v) NaCl (range 0-6.0 %). Negative for hydrolysis of starch, casein and aesculin, nitrate reduction, production of indole, H 2 S, arginine dihydrolase, [12] . †Data from Yoon et al. [34] . 
